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(54) Multilayer coating film formation process 

(57) A process to form a nnuftilayer coating film, 
which is excellent in smoothness and capable of pre- 
venting a generation of poppng even in case of a thick 
coating, characterized by that after a cationic etec- 
trodeposrtion coating is coated and cured by heating, an 
intermediate coating, comprising polymerizable unsatu- 
rated compound, photopolymerization initiator, thermal 
polymerization initiator, and further optionally pigment 
and/or polyester resin and crossiinking agent is coated, 
and said coating film is cured by iaadiation with an 
actinic ray» and then a thermocurabie top coating is 
coated and cured by heating, is disclosed 
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Description 

[0001 ] The present invention relates to a muttilayer coating film formation process comprising coatings with a cationic 
electrodeposition coating, an intermediate coating and a top coating, and especially relates to a process to form a mutti 
5 layer coating fUm in which a generation of popping caused by t>aKing is prevented and the smoothness of the coating 
surface is improved. 

[0002] It is known to fonn a multilayer coating fUm by coating with a top coating, after coating and curing by heating 
of an intermediate coating on the cured coating surface Of a cationic electrodeposition coating, and the fomied multi- 
layer coating film is excellent in smoothness etc. and has l>een adopted in many fields. However, in these days, it is pro- 

10 posed, for a reason to shorten the operation steps etc., to omit the heating step of the intermediate coating film, to coat 
said uncured coatng surface with a top coating, and tiien to cure these coating films by heating at the same time. 
[0003] However, the cured coating surface of a cationic electrodeposition coating has usually fine unevenness and its 
smoothness Is essentially bad. Therefore, when an intermediate coating is coated on this coating surface and a top 
coating is further coated before curing, there is a disadvantage that tt^e unevenness of tiie coating surface of a kationic 

IS eiecti'odeposition coating appears also on the top coating surface and tiie smootiiness is not sufficient In order to 
improve the smootinness, tiie intermediate coating fflm may be made tiiicker. However, in that case, there arises a prob- 
lem of generation of popping caused by a bumping of organic solvent in tiie coating fOm. when it is heated after the coat- 
ing with a top coating. 

[0004] The purpose of tiie present invention is to propose a process to form a muttilayer coating fSm, which is excellent 
20 in smoothness or finishing appearance and capable of preventing the generation of popping caused by baking even 
thickly coated, without curing the intermediate coating f Dm by heating (operation steps shorterting) in a coating process 
to successiveiy coat witti a cationic electrodeposition coating, an intermediate coating, and a top coating. 

Means to solve ttie problem 

25 

[0005] As a result of an intensive study ainrnng at achieving tiie above-mentioned purpose, tiie present inventors have 
found this time, that the above-mentioned purpose can be achieved by using as an Intermediate coating a coating mate- 
rial, which can be cured both by irradiation witii an actinic energy ray and heating, coating with a top coating after the 
intermediate coating film has been at least partly cured by irradiation witii an actinic energy ray, and then by curing by 

30 heating the coating films, and completed tiie present irrvention. 

[0000] Thus according to the present invention, tiiere is proposed a multilayer coating film formation process charac- 
terized by that after a cationic electrodeposition coating has been coated and cured by heating, an intermediate coating, 
comprising polymerizatrie unsaturated compound, photopolymerization initiator and thermal polymerization initiator, 
and further optionally polyester resin and crosslinking agent, is coated, and said coating film is cured by irradiation witti 

95 an actinic energy ray, and a thermocurable top coating is coated and cured by heating. 

[0007] Ttie muttilayer coating film formation process of the present invention Is hereinafter described in nwe detaB. 

SpU»|igte 

40 [0008] Substrates, to which the process of the present invention is applied, are not particulariy limited so long as tiiey 
are formed articles having an electroconductive surface capable of cationic eledrodeposition coating. However, tiie 
process of tiie present invention is particulariy useful for coating of outer panels of automobile txxfy. for example, roof, 
door outer panel, bonnet hood, trunk lid, fender, front apron etc.; and of inner panels, tor example, door inner panel, 
inside of the bonnet hood, trunk room etc. 

45 

Cationie eleetrodeoosftion eoatiny (A) 

[0009] As a cationic electrodeposition coating (A) to be coated on the above-mentioned substrates, a cationic elec- 
trodeposition coating comprising a base resin having hydroxyl group and cattonizable groip (a-1) and a cross-finking 
so agent such as block polyisocyanate conpound (a-2) is preferable. 

[001 0] Here, as a base resin (a-1). a resin, obtained by reacting a cationizing agent witti an epoxy resin obtained by 
reacting a polyphenol compound and epichlorohydrin. namdy. a polyglycklyl ettier of a polyphenol compound, is pref- 
erable. 

[001 1 ] An epoxy resin, before reacting witti a cationizing agent, has two or more than two epoocy groups in ttie mole- 
55 cule and may have a number-average molecular weight in a range of more than 200, preferably 400-4,000. and more 
preferably 600-3000. and an epoxy equivalent in a range of 190-2,000, preferably 400- 1 ,000. and more preferably 500- 
800. 

[001 2] As a polyphenol compound, which can be used to prepare said epoxy resin, ttiere can be mentioned, for exam- 
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pie. bis{4-hydroxyphenyf)-2.2-prDpane, 4,4'-dihydroxyben2ophenone. bis(4-hydroxyphenyI)-1,1 -ethane, bis(4-hydroxy- 
phenyl)-1.1-lsobiJtane, bis(4-hydroxy-tert-butyI-phenyO-2,2-prDpane, bis(2-hydraxybutyOmethane, 1,5- 
dihydroxynaphthalene, bfe{2,4-dihydroxypheny!)methane, tetra(4-h^oxypheny!)-1,1,2,2-elhane, 4,4'-dihydrQxydiphe- 
nyl ether, 4.4'-dlhydroxydiphenyfsulphone, phenol novolac. cresol novolac etc. 

5 [001 3] As a cationizing agent to be used to introduce a cationizable group in said epoxy resin, there can be men- 
tioned, tor example, an^ne compound such as primary amine, secondary amine, tertiary amine, poiyamine etc. They 
are reacted preferably with almost all or all epoocy groups existing in the epoxy resia They react with epoxy group and 
form cationizable groups such as secondary amino groups, tertiary amino groups, quaternary ammonium base etc. 
[0014] HydrQxyl groups of the base resin (a-1) include, for example, a primary hydroocyl group introduced by an 

10 alkanolamine to be able to be used as a cationizing agent ring-opening of caprolactone, which may be reacted with an 
epoxy resin to modify said resin, or by reaction with a potyol etc.; a secondary hydroxy! group formed by ring-opening 
of an epoxy group in an epoxy resin, etc. Among them, a primary hydroxyl group introduced by a reaction with an 
alkanolamine is excellent in aosslinking reactivity with a block polyisocyanate compound (crosslinking agent) and pref- 
erable. 

IS [001 5] The base resin (a-1 ) has preferably a hydroxyl group equivalent in a range of 20-5,000 mgKDH/g. particularly 
100-1 .000 mgKOH/g, and more particularty 200-800 mgKOH/g, and especially a primary hydroxyl group equivalent in 
a range of 200-1 ,000 mgKDH/g, above all 230-750 mgKOH/g. On the other hand, cationizing groups are sufficient with 
more than an amount necessary to be able to stably disperse said base resin in water and preferably in a range of gen- 
erally 3-200. particularly 5-150. and more particularly 10-80, calculated as WOH (mg/g solid content) (amine value). 

20 [001 6] The base resin (a-1 ) is desirable not to contain a free ^>oxy group in principle. 

[0017] In the cationic eiectrodeposition coating (A), as a crossHnking agent (a-2) to cure the base resin (a-1) by 
crosslinking. a block polyisocyanate cortpound is mainly used. 

[0016] A block polyisocyanate compound is a polyisocyanate compound whose isocyanate groups are all blocked by 
a blocMng agent to make them inactive at normal temperature. When It is heated to a temperature, which is higher than 
25 the preserved temperature, preferably higher than 1 20*^0. the blodong agent is dissodated and the original isocyanate 
group is regenerated to take part in the crosslinking reaction. 

[001 9] A polyisocyanate conpound is a compound having two or more, preferably 2-3 free isocyanate groups in the 
molecule and includes, for exarnple, aTiphatic diisocyanates such as hexamethylene diisocyanate. trimethylene diisocy- 
anate, tetramethylene diisocyanate, dinner acid diisocyanate. lysine diisocyanate etc.; alicydic diisocyanates such as 
30 isophorone dfisocyanate. m6thytenebis(cyclohexyriso(^anate), methytcydohexane dfisocyanate. cydohexane diisocy- 
anate, cydopentane diisocyanate etc.; aromatic diisocyanates such as xylylene dHsocyanate, tolylene disocyanate, 
diphenylmethane diisocyanate, naphthalene diisocyanate. tduidine diiso^anate etc.; urethanlzation adducts. biuret 
type adducts, Isocyanuric ring type adducts of these polyisocyanates eta 

[0020] As a blocking agent, there can be mentioned, for example, phenol type blocking agents, alcohol type blocking 
3S agents, active methylene type blocking agents, mercaptan type blocking agents, acid amide type blocWng agents, imkfe 
type blocking agents, amine type blocking agents, imidazole type blocking agents, urea type Uoddng agents, carbamic 
add type blocking agents, inrtine type blocking agents, oodme type blocking agents, sulphurous add type blocking 
agents, lactame type blocking agents etc. 

[0021 ] In the cationk; eiectrodeposition coating (A), ti^e compounding ratio of the base resin (a-1) and the crossfinking 
40 agent (a-2) is preferable in a range of 40-90%, particularly 50-80% Ibr the fornner and 60-10%. parttoularly 50-20% for 
the latter based upon the total solid content weight of both said conrponents. 

[0022] A cationic eiectrodeposition coating (A) can be prepared, for example, by mixing a base resin (a-1) and a 
crosslihking agent (a-2). neutralizing the catioinizable groups in the base resin (a-1) by an add substance such as ace- 
tic acid, fonnic acid, lactic add, phosphoric add etc. and dispersing in an aqueous medium. Ihe pH of the obtained 
45 aqueous dispersion is preferably in a range of 3-9. particularty 5-7 and the resin solid content concentration is suitable 
in a range of 5-30% by weight, particularty 8-25 % by weight 

[0023] In the cationic eiectrodeposition coating (A), there can be suitably conpounded. as necessary, additives for 
coating material such as ojsl-preventive curing catalyst filler, color pigment, rust-preventive pigment, sedimentation 
inhitMtor etc. 

so [0024] Coating with a cationic eiectrodeposition coating (^ can be conducted, for example, by eiectrodeposition using 
an electroconductive metal such as automobile body (substrate) as cathode and a caibon plate as anode, under ttie 
conditions of 20-35'»C bath temperature. 1 00-400V voltage. 0.01 -5A current density for 1 -1 0 minutes. Coating film thick- 
ness is preferable in a range of usually 1 0-40 pm. particulariy 1 5-30 \im in terms of cured coating fDra The coating torn 
thus fonned can be cured by crosslinking by heating at about 140 to about 190^0 for about 10 to alx>ut 40 minutes. 

55 [0025] This eiectrodeposition coating film may be tonmed on nearly afl surfaces of outer panels and inner panels of 
an automobile body (substrate). 
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Intermediate coatino fB) 

[0026] According to the process of the present invention, on the cationic electrodeposition coating film surface formed 
as mentioned above, an organic solvent type ooating, comprising a polymerizable unsaturated compound (b-1), pho- 
5 topolymerization initiator (b-2) and thermal polymerization initiator (b-3). and further, as necessary, pigment (b-4), is 
coated. 

[0027] A polymerizable unsaturated compound (b-1 ) is a connpound having one or more, preferably 2-5 polymerizable 
unsaturated bonds in the molecule and Includes the Ibnowing conpounds. 

10 a) C1.22. pi^eferably alkyl esters of (meth)acrylic add such as methyl (meth)acrylate, ethyl (meth)acrylate, pro- 
pyl (meth)acrylate. butyl (meth)acrylate, hexyl (meth)acrylate. octyl (meth)acrylate. lauryl (meth)acrylate. 2-ethyl- 
hexyi (meth}acrylate etc.; 

b) mono(ordi")esterified products of C2.20. preferably C2.8 alkylene glycol such as ethylene glycol, pro^rlene glycol, 
butylene glycol etc. with (meth)acry!ic acid; 
IS c) unsaturated dicart)oxyIic acids or their modified products such as maleic add. itaoonic add. fumaric add, meth- 
acoruc add, or their anhydrides or half esterified products; 

d) C2,18. preferably alkmcyalkyl esters of (meth)acrylic add such as methoxybutyl (meth)acrylale, methoxyethyl 
(meth)acrytate. ethoxybutyl (meth)acrylate etc.; 

e) aminoacryl type monomers, whose amino group may be optionally mono- or disubstituted by C1.4 alkyl group. 
20 such as aminoethyl {meth)acrylate, N.N<llmethylamlnoelhyl (meth)acrylate. N.N-dielhylaminoethyl (melh)acrylate. 

N-t-butylaminoethyt (meth)acryiate etc.; 

f) acrylamide type monomere such as (meth)aCTylamide. N-methylol (meth)acrylamide, N-n-t)utoxymethyl 
(meth)acrylamide, N-methoxymethyl (meth)acrylamide, N-methyl (meth)acrylamide. N-ethyl (meth)aaylamide. 
N.N-dimefliyl (meth)acrylamide etc.; 

2S g) glyddyl groupK»ntaining unsaturated monomers such as glyddlyl (m6th)acrylate, aliyi glycidyl ether etc.; 

h) vinyl compounds such as styrene, o-fnethylslyrene. vlnyholuene, acrylonitrile. vinyl acetate, vinyl chloride. N- 
vinylpyrrofidone et&; 

i) modified acrylale compounds such as phenolethylene oxide-modined acrylates represented by Ph-0-(C2H40)n- 
OCHOCH2 (wherein PH is a phenyl, which may be optionany substituted with Ci.is alkyl group, and n is an inte- 

30 gral nunt>er of 1 -6). 2-ethylhexylcaibitol acrylate. bisphenol A ethylene oxide-modiried diacrylale. isocyanuric acid 
ethylene oxide-niodif led diacrylate, tripropylene glycol diacrylate, pentaerythritol diacrylate monostearate. tetraeth- 
ylene glycd diacrylate. polyethylene glycol diacrylate. polypropylene glycol diacrylate. pentaerythritol triacrylate. 
trimethyio^opane triacrylate, trimethylolprapane propylene oodde-modified triacrylate. isocyanuric add ethylene 
oddeHfTiodified'triacrytate, trimethyldpropane ethylene oxide^odified triacrylate, dipentaerythritol penta or hex- 

35 aacrylate, pentaerythritol tetraacrylate. an oligomer in which both terminal t^roxyl groups of a pblyurethane are 
added wRh 2 moles of acrylic add. oHartxJxy-poIycaprolactone monoacrylate, monohydroDcyefhyl phthalate acr- 
ylate, acryfic add dimer. 2-hydrcKy-3-phenoxypropyl acrylate. an oTigomer in which both temiinal hydroxyl groups 
of a polyester are added with two or more two moles of acryfic add. etc. 

40 [0028] Such a pdymerizable unsaturated compound (b-1) has preferably a number-average molecular weight in a 
range of generally 50-3.000. particulariy 100-2,000. 

[0029] A photopolymerization initiator (b-2) is for the promotion of crossllnking (polymerization) reaction of the above- 
mentioned polymerizable unsaturated compound (b-1) by inBdiation of an actinic energy ray and indudes. for example, 
benzoin, benzoin methyl ether, benzoin ethyl ether, 2-methylbenzoin. benzyl, benzyl dimethyl ketal, diphenyl sulphide. 

45 tetramethylthiuram monosulphide, diacetyl, eosine, thionine. Michler's ketone, anthracene, anthraquinone, acetophe- 
none. a-hydroxyisobutylphenone, p-rsopropyf-a-hydroxyisobutylphenone. a.a'-dichloro-4-phenoxyacetophenone. 1- 
hydroxy-1-cydohexylacelophenone, 2,2-dimethoxy-2-phenylacetophenone, methylbenzoyi fwmate, 2-methyl-1"{4- 
(methyithio)phenyl]-2-morphdino-propene. thioxanlhone. benzophenone, 2.2-dimethoxy-1.2-diphenylethan-1-one, 1- 
hydroxy-cydohexyl-phenyl-ketone, benzophenone, 2-methyf-1-[4-(methy!thio)phenyl]-2-morphoIinopropanone, 1.2- 

50 benzyl-2-dimethytentino-1-(4-morphoIinophenyI)-butanone, 1,2-hydroxy-2-methyl-1-phenyl-propan-1-one, 2.4,6-tri- 
methylbenzoyldlphenyl-phosphine oxide. 1 -{4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2-methyl- 1 -propan-l -one. 2- 
hydroxy-2-methyl-l-phenylpropan-l-one, bisacylphosphine oxide, (Ti5-2,4<ydopentadien-1-yO[(1.2,3.4,5.6-TO-(1- 
methyt-ethyi)benzene]-iron(1 +)-hexaf luorophosphate(1 -) etc. 

[0030] The compounding ratio of such a photopolymerization initiator (b-2) in an intermediate coating (B) is suitable 
55 in a range of generally 0. M 0 parts by weight particulariy 0.3-7.5 parts by weight and more particulariy 0.5-5 parts by 
weight per 100 parts by waght of the above-mentioned polymerizable unsaturated compound (b-1). 
[0031 ] A thermal polymerization initiator (b-3) Is for the promotion of crossfinking (polymerization) ruction by heating 
of the polymerizable unsaterated compound contained in the intermediate coating film of the part where an actinic ray 
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was not irradiated or of the part where trradiatbn was not sufficient and indudes, for example, peroxides such as k>en- 
zoyl peroxide, dht-butyl hydroperoxide, t-butyl hydroperoxide, cumyl peroxide, cumene hydroperowiei diisopropyll)en- 
zan hydroperoxide, t-buty) peroxybenzoate, lauryl peroxide, acetyl peroxide. t-butytperQxy-2-ethylhexanoate etc.; azo 
compounds such as a.a*-azobi9sobutyionitrile. azobisdimethyfvaleror^'le. azobiscyclohexanecartx)nitri1e etc. 

5 [0032] The cornpounding ratio d such a thernria] polymerization initiator (b-3) in an imer^ 

in a range of generally 0.1-10 parts by weight, particularly 0.3-7.5 parts by weight and more particularly 0.5-5 parts by 
weight per 100 parts by weigM of the above-mentioned polymerizabie unsaterated compound (b-1). 
[0033] As a pigment (b-4) there can be used, for example, color pigments such as titanium oxide, zinc oxide, carbon 
WacK Cadmium Red. MolylxJenum Red. Chrome Yellow, chromium oxide, Pmssian Blue. Cobalt Blue, azo pigments. 

10 phthalocyanine pigments, quinacridone pigments, isoindrine pgments. Threne type pigments, perylene pignrtents etc; 
fillers such as talc, clay, kaolin, baryta, barium sulphate, barium cartx>nate, calcium cart>onate. silica, alumina white 
etc.; metallic pigments such as alumunium powder, ndca powder, mica powder coated with titaroum oxide etc. 
[0034] The compounding ratio of such a pigment (b-4) in an intennediate coating (B) is suitable in a range of generally 
less than 250 parts by weight, particularly 1 -200 parts by weight, and more particularly 3-150 parts by weight per 100 

IS parts by weight of the above-mentioned polymerizabie unsaterated compound (b-1). 

[0035] The compounding of this pigment may be omitted in case a second intermediate coating (D) or (E) is coated 
on the coating film of the intermediate coating (B). Thus the coating film of the intermediate coating (B) nay be either 
colorless and transparent colored and transparent or essentially non-transparent 

[0036] Moreover, in the intermediate coating (B), used in the present invention, there may be compounded, for the 
so purpose of improving the coating film properties, for example, flextoility, bending property, chipping resistance, intercoat 
adhesion etc., polyester resin (b-5} and crosslinKing agent (b-6) in addition to the above-mentioned components. 
[0037] A polyester resin (b-5} is prepared usually by esteriftcation reaction of polybasic add and polyhydric alcohbl 
and has preferably two or more hydroxyl groups on an average in the molecula 

[0038] A potytasic acid is a compound having two or more carboxylic groups in the molecule and indudes. for exam- 
25 pie. phthalic add, isophthalic add. terephthalic add. sucdnic add. adipic acid, azelaic add. cebadc acid, tetrahydroph- 

thalic add. hexahydrophthalic add, 3.6-endo-dichloromethy1ene-tetrachloror^halic add. maleic acid, fumaric add. 

teconic add. trimellithic add and their anhydrides etc. A polyhydric alcohol is a conpound having two or more hydroxy! 

groups in the molecule and indudes, for example, ethylene glycol, propylene glycol, butylene glycol, hexanedid. dieth- 

yiene glycol, dipropylene glycol, neopentyl glycol, triethylene glycol, glycerol, trimethylolethane. trimethylolpropane. 
30 pentaerythritd etc. 

[0039] A pdyester resin can be prepared by reacting these polybasic add and polyhydric alcohol according to a per 
se known esterification process and. above aU. a saturated pdyester resin, having a hydroxyl group value in a range of 
50-150 mgKDH/g, particularly 60-135 mgKOhV^. and more particutarty 65-120 mgNOH/g, an add value in a range of 
0-30 mgKOH/g, particularly 0.5-20 mgKOH/^. and more particularly 1-10 mgKOH/g, and a number-average molecular 

ss weight in a range of about 3.000-20.000. particularty 4.000-17.000, and more particularly 5,000-13.000. is preferable. 
[0040] Moreover, as a polyester resin (b-5) there can be used a fatty add-modified polyester resin, modified by a 
(semlidrying oil fatty add such as linseed oil fatty add. coconut oil fatty add, safflower oil fatty add. soybean oil fatty 
add, sesame oil fatty add. perilla oH fatty add. hempseed oil fatty add. tall oO fatty add. dehydrated castor dl fatty acid 
etc. The modification amount by these fatty adds is suitable in a range of generaOy less ttian 30 % t)y weight particu- 

40 larly 5-20 % by weight, in terms of oil lengm. Furthermore, as a polyester resin (b-5) ttiere can be used an unsaturated 
polyester resin having polymerizabie unsaturated bmds in the mdecule. 

[0041 ] As a crosslinking agent (b-6) there can be used a oonr^nd whnh can conduct a crosslinking reaction witti a 
functional group, such as tiydroxyl group or cart>oxyl group etc.. In fte above-mentioned polyester resin (b-5). As exam- 
ples, a melamine resin and a block polyisocyanate compound etc. can be mentioned. 
45 [0042] A preferable melamine resin is a partially etherified or fully etherffied melamine resin, in which methyfol groups 
of the methylofized melamine are partly or fully etherified with a monohydric alcohol, having 1 -5 triazine nudei and 
a nrK)lecuiar weight in a range of 300-2.000. A melamine resin containing imino groups can be also used. 
[0043] A block polyisocyanate compound is a pdyisocyanate compound, all of whose isocyanate groups are essen* 
tiafiy blocked by a blocking agent When it is heated at the prescribed temperature, for example, 120-1 70*C. the block- 
so ing agent is dissodated and the isocyanate group is regenerated and conducts a cross-linking reaction with a polyester 
resin. 

[0044] A polyisocyanate compound is a compound having two or wore isocyanate groups in the molecule and 
indudes, for example, aromatic diisocyanates such as tolylene diisocyanate, diphenylmethane diisocyanate, xylylene 
diisocyanate. naphthalene dnsocyanate etc.; alphatic diisocyanates such as tetramethylene dusocyanate, hexamethyl- 
55 ene diisocyanate, dimer add diisocyar^e. lysine diisocyanate etc.; ancyclic diisocyanates such as methyl- 
en^is(cydohexylisocyanate), isophorone diisocyanate, methylcydohexane diisocyanate, cydohexane diisocyanate. 
cyclopentane diisocyanate etc.; biuret type adducts. isocyanuric ring type adducts of said polyisocyanates; pr^lymers 
having free isocyanate groups, obtained k^y reacting these polyisocyanates and low molecular weight or high molecular 
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weight potyols under excess of isocyanate groups, etc. Pr6ferat)ie blocking agents are, for example, phenols, oximes. 
lactams, alcohols, mercaptans and active methylene type, acid amide type, imide type, amine type, in^azole type, urea 
type, caitamic acid type, imine type blocking agents etc. A block potyisocyanate has preferably a molecular weight in a 
range of generally 200-10,000. particularly 300-6000. 

5 [0045] In case of using the above-mentioned polyester resin (b-5) and crosslinking agent (b-6), the compounding 
ratios of the above-mentioned components in the intermediate coating (B) are not strictly Gmited but may be varied 
according to the properties required for the targeted multilayer coating film. Generally, concerning the polymerizable 
unsaturated compound (b-1). the polyester resin (b-5) and the crosslinlcng agent (b-6), based upon the toal amount of 
these 3 components, preferable ratios are in a range of 1-98 % by weight particularly 20-90 % by weight, and more 

10 particularly 40-80 % weight for the polymerizable unsaturated conrpound (b-1); 1-75 % by weight particularly 7-60 
% by weight and more particularly 15-45 % by weight, for the polyester resin (b-5); and 1-24 % by weight, particularly 
3-20 % by weight and more particularly 5-15 % by weght. for the crosslinking agent (b-6). Suitable compounding 
amount of the photopolymerization initiator (b-2) is in a range of 0.1-10 parts by weight particularly 0.3-7.5, and more 
particularly 0.5-5 parts by weight per 1 00 parts by weight of the total of the polymerizable unsaturated compound (b-1), 

IS the polyester resin (b-5) and the crosslinking agent (b-6). Suitable compounding amount of the thermal polymerization 
initiator (b-3) is in a range of 0. 1 -1 0 parts by weight, particularly 0.3-7.5, and more particularly 0.5-5 parts by weight per 
100 parts by weight of the total of the polymerizable unsaturated compound (b-1), the polyester resin (b-5) and the 
crosslinking agent (b-6). In case a pigment (b-4) Is compounded, its suitable amount is in a range of less than 250 parts 
by weight particularly 1 -200 parts by weight and more particularly 3-1 50 parts tsy weight perlOO parts weight of the 

20 total of the polymerizable unsaturated compound (b-1), tiie polyester resin (b-5) and the crosslinking agent (b-6). 
[0046] The intermediate coating (B) can be prepared, for ejonple. by mixing and dispersing the above-mentioned 
polymerizable unsaturated monomer (b-1), photopolymerization initiator (b-2), thermal polymerization initiator (b-3), 
and furtiier optionally pigment (b-4) and/or polyester resin (b-$) and crosslinking agent (b-6) in. for example, hydrocar- 
bon type, ester type, ether type, alcohol type or ketone type organic solvents. OptionaHy coating surface ad[justment 

2B agents, antioxidants, flow at(ju8tnrant agents, pigment dispersing agents etc. may be further compounded suit^y. It is 
also possible to increase the curing property of the coating film by adding an alkanolamine such as triethanoiamine, 
diethanolamine, monoethanolamine etc. in an amount of 0.1-20 parts by weight preferably 0.5-10 parts by weight per 
100 parts by weight of the total of the polymerizable unsaturated compound (b-1). the polyester resin (b-5) and the 
crosslinking agent (b-Q. 

30 [0047] The intermediate coating (B) is preferably coated, after adjusting, optionally using an organic solvent as men- 
tioned above, the viscosity at the time of coaling to 15-25 seoonds/Ford cup #4/20"C and the sofid content to 40-95 % 
by weight preferably 50-85 % by weight, on almost all surfaces of outer panels and inner panels of a cationic eleo- 
trodeposition-coated automobile body (sut>strate) by elecfa^static coating, airless spray, air spray etc. Tlie coating film 
thickness is preferable in a range of 10-60 pm. particularly 15-40 ^m in terms of cured coating fDm. 

35 [0048] Thus coated intermediate coating film is cured by irradiation of an actinic ray. preferably after eliminating the 
organic solvent from the coating film by evaporation by drying at room or at the temperature bwer than lOO^C. 
[0049] As an actinic energy ray there can be mentioned, for example, ultraviolet radiation, laser beam, X-ray, electron 
beam, ion beam etc Among them it is preferable to use ultraviolet radiation and as Its generating apparatus there can 
be mentioned, for example, mercury lamp, Wgh tension mercury lamp, super high tenston mercury lamp, xenon lamp. 

40 caibon arc. metal halide. gallium lamp, chemical lamp etc. The exposure of ultravioiet radiation is not strictly limited, but 
preferably in a range of usually about 10-3000 mJ/crn^. particularly 100-2000 mJ/cni^. Electron beam is preferably irra- 
diated at 50-300 KeV, particularly 80-250 KeV, in an amount of 1-20 Mrad. particulariy 3-15 Mrad. Suitable irradiation 
time of these radiations is usually 0.5 seconds to 5 minutes, particularly 0.5 seconds to 2 minutes. 
[0050] On irradiating an aclinic ray on the intermediate coating surface, ft is diffkajit to uniformly in^diate the actinic 

45 ray through the whole intermediate coating surface according to the shape of the sut)Slrate. In case of an automobiie 
body, for example, it is possible to irradiate the outer panels sufficientiy, but the inner panels are irradiated insuffidentiy 
or sometimes not irradiated at all. The intermediate coating film, on which an actinic ray has been sufficiently irradiated, 
is cured by three-dimerrtional crosslinking in a short time and its gel ratio reaches about 90-1 00 % by weight in case the 
intermediate coating film does not contain polyester resin or crosslinWng agent and about 30-95 % by w»ght prefera- 

50 biy about 50-90 % by weight in case it contains them. The smoothness is fairly good. On the other hand, the intemie- 
diate coating f9m at the part, where an actinic ray has been insuffidentiy irradiated or not in-adiated at all. is scarcely 
cured by crosslinking and its gel ratio is less than about 50 % by weight (in case ttie polyester resin and crossnnking 
agent are not induded) or less than about 30 % by weight On case the polyester resin and aosslinWng agent are 
induded). Therefore a curing by crossTinking by heating is necessary. The smoothness is a Httie inferior to that of suffi- 

55 dentiy irradiated parts. Hcwwei. they are mainly inner panels whose finishing appearance is not so strongly required. 
[0051] The "gel ratio" here is tine ratio by weight calculated according to tiie formula: 

[(weight of the dry coating film after extraction / weight of the dry coating film before extraction) x 1 00) . Each weight 
is measured after the following procedure: after a coating material comprising, out of the above-mentioned components 
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constituting the intermediate coating (B). polymerizable unsaturated monomer, photopolymerlzation initiator, thermal 
polymerization initiator, organic solvent and further optionally polyester resin and crosslinking agent (no pigment is 
included), has kteen coated and dried at room temperature or at the temperature of less than 100"C to eliminate the 
organic solvent from the coating film by evaporation, the coating film is cured b/ Inadiation of an actinic ray. The isolated 
5 coating film is extracted by a mixed solvent of acetone and methanol at the same weight under reflux for 6 hours, and 
the remaining coating film is dried. 

[0052] According to one aspect of the process of the present invention, a thernrtocurable top coating (C) is coated on 
the intermediate coating film surface, thus formed and irradiated with an actinic ray, arrd heated By this procedure the 
top coating film is cured and at the same time the parts of the intermediate coating f^m, wttich were not cured yet or 
10 inconpietely cured, are also cured to form a targeted multilayer coating film. 

[0053] Especially in case that the intermediate coating (6) contains polyester resin (b-5) and cross-linking agent (b- 
6), the polyester resin is not cured essentially at the step of an actinic ray irradiation. At the same time with the curing 
t^ heating of the top coating f Bm» however, the curing by crossltnldng of the intermediate coating (B) proceeds to form 
a completely cured multilayer coating film. 

15 

Seoond Intermediate coatings {P) and (B 

[0054] According to another aspect of the process of the present invention, an organic solvent type second interme- 
diate coating (D) is coated on the coating film surface of the intermediate coating (B), formed as mentioned above and 
so in'adiated with an actinic ray, prior to the coating with the top coating (C). By this procedure a multilayer coating film of 
a high class finish can be formed. 

[0055] The organic solvent type second intermediate coating P) is a thermocurable coating material conprising pol- 
yester resin (d-1), crosslinking agent {d-2) and organic solvent and there is used a coating material which essentially 
does not contain the above-mentioned unsaturated monomer, photopoiymerization initiator and thermal polymerization 
25 initiator. 

[0056] As the polyester resin (d-1) and the cross-linking agent (d-2) to be compounded in the second int^mediate 
coating (D), there can be used the compounds suitably selected from the polyester resins (b-5) and crosslinking agents 
(b-6) mentioned above as the components to be able to be compounded in the intennediate coating (B). 
[0057] The compounding ratios of th e polyester resin (d- 1 ) and the crosslinking agent (d-2) in the second intermediate 

90 coating (D) are not strictly iintited, but may be varied according to the properties required for the targeted multilayer 
coating fDm. Suitable compounding ratios, based upon the total amount of both said components, are generally 50-90 
% by weight, particularly 55-85 % by weight, and more particulariy 60-80 % by weight for the former, and 50-10 % by 
weight particularly 45-15 % by weight, and more particularly 40-20 % by weight for the latter. 
[0058] As an organic solvent there can be used, for example, hydrocarbon type, ester type, ether type, alcohol type. 

35 ketone type solvents, etc. 

[0059] The second Intermediate coating (D) can be prepared by mixing and dispersing the polyester resin (d-1) and 
the crosslinking agent (d-2) in an organic solvent Further, as necessary, there can be suitably compounded pigments 
(d-3), coating surface adjustment agents, antioxidants, flew adjustment agents, pigment dispersing agents etc. 
[0060] As a pigment (d-3) there can be used, for example, color pigments such as titanium oxide, zinc oxide, carbon 

40 UacK Cadmium Red, Mol)^enum Red. Chrome YeOow, chromium oxide, Prussian Blue. Cobalt Blue, azo pigments, 
phthalocyanine pigments, quinacridone pigments, isoindrine pigments. Threne type pigments, perytene pigments etc.; 
fillers such as talc, clay, kaolin, baryta, barium sulphate, barium cart»nate. calcium caifxinate, silica, aluntina white 
etc.; metallic pigments such as alumuntum powder, ntca powder, mica powder coated with titanium oodde etc. 
[0061 ] The compounding amount of such a pigmem (d-3) in a second intermediate coating (D) is suitable In a range 

45 of generally less than 250 parts by weight, particulariy 20-200 parts by weight and more particulariy 40-150 parts by 
weight per 100 parts by weight of the total of the polyester resin (d-1) and the aosslinking agent (d-2). 
[0062] The second intermecSate coating (D) is preferably coated, after acfiusting. by compounding, as necessary, an 
organic solvent, the solid content to 20-70 % by weight preferably 40-60 % by weight and the viscosity at the time of 
coating to 15-25 seconds/Ford cup #4/20'*C, on the part which has been Irradiated with an actinic ray. and the part 

so which has not been inadiated, of the coating surface of the above-mentioned intermediate coating (B), by electrostatic 
coating, airiess spray, air spray etc. The preferable coating f Hm thidcness is 1 0-50 pm, particulariy 1 5-35 pm in tenns of 
cured coating film. 

[0063] The coating fDm thus coated with the second intermediate coating (D) is cured by heating at about 120 to about 
1 eo°C for about 1 0 to about 40 minutes, after drying at room temperature to about 1 00*0 as necessa^. By this heating 
55 the non-cured to inconrpletely cured parts of the first intermediate coating film, which has been formed by the interme- 
diate coating (B), are estimated to be cured at the same time the second intermediate coaling film is cured. 
[0064] After the second intermediate coating film has been cured by heating, a thermocurable top coating (0) is 
coated on the intermediate coating film surface, then the top coating film is cured by heating to fonn the targeted nwl- 
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tilayer coating film. 

[0085] Furthermore, according to further aspect of the process of the present invention, an aqueous type second 
intermediate coating (E) is coated on the coating film surface of the intermediate coating (B), formed as mentioned 
above and irradiated with an actinic ray. prior to the coating with the top coating (C). By this pnDcedure a multilayer ooat- 
ing fSm of a high dass finish can be formed. 

[0066] As an aqueous type second intermediate coating (E). there can be used a per se known thermocurable coating 
material using water as a solvent or a dispersing medium and there is no special limitation in its compositioa However, 
the use of an amine neutralization type aqueous coating composition, comprising an amine neutrafization product of a 
base resin, having a hydroxy! group value of 30-150 mgKOH/g and an acid value in a range of 15-50 mgNDH/g, (e-1), 
an amino resin (e*2) and an amine salt of organic sulphonic acid (e-3), is specifically preferable, because the intercoat 
adheaon, chipping resistance etc. of the formed multilaya- coating fflm are improved. 
[0067] This preferable amine neutraGzation type aqueous coating composition is further described hereinafter. 
[0068] The base resin for the component (e-1) is a resin containing hydroxy! groups and carboxylic groups, such as 
polyester resin, acrylic resin, urethane resin, alkyd resin etc. Suitable resins have a hydroxyl group value of 30-150 
mgKDH/g. preferably 40-135 nrtgKOH/g, and more preferably 60-120 mgKDH/g. and an add value in a rarrge of 15-50 
mgWOH/g. preferably 17-45 mgWOH/g. and more preferably 20-40 mgKDH/g. 

[0069] So long as having the above-mentioned characteristic values as the base resin for the corrponent (e-1). any 
already known resin may be used and there is no special limitation in conposition of monomer components constituting 
the resin or nnolecular weight of the resin. Its number-average molecular weight is suitable in a range of usually around 
1 .000-50.000. particularly 3,000-40,000. and more particularly 5,000-30,000. 

[0070] An amine neutralization product of a base resin (e-1 ) can be obtained by neutralizing a part or all of the car- 
boxyl groups in the above-mentioned base resin by an amine. As an amine to be used here there can be mentioned, 
for example, primary monoanranes such as methylamine. ethylamine, n-propylamine. isopropytamine. butylamine. ben- 
zylamine. monoethanolamine. neopentanolamine. 2-aminopropanol, 3-aminopropanol, 2-amino-2-methylpropanol etc.; 
secondary monoamines such as dimethylamine. diethylamine, diisopropylamine, ditHJtylamine, diethanolamine. di-n- 
propanolamine. diisopropanolamine, N-methylethanoiamine, N-ethylethanolamine. butyiethanolamine etc.; tertiary 
monoanranes such as triethanolamine, trimethylamine, triethylamine, triisopropylamine, tributylamine, methyldieth- 
anolarriine, ethyldiethanotamine. butyldtethanolamine, dimethylethanoiamine etc.; polyamines such as diethylenetri- 
amine, methylaminopropylamine etc., and the like. These amines are used alone or in combination of two or more. 
Among the above-mentioned amines. 2-amino-2-m6thytpropanol. N-methylethanolamlne, dimethylethanoiamine etc. 
are preferable. Using amount of amine may be selected suitably according to the amount of carbaxylic groups in the 
base resin to be neutraTized. 

[0071] The neutralization reaction of the base resin and amine ma^ be conducted according to a usual process at 
room temperature or by heating. 

[0072] An amino resin (e-2) Is used as a crossrinking agent for the amine neutralization product of a base resin (e-1 ). 
Specifically there can bB mentioned as examples melamine resin, urea resin, benzoguananiine resin, methytoHzed 
products of these resins, or etherifled amino resins, etherified a part or all the methylol groips of said methyfofized prod- 
ucts with CvB nwnoalcohol. Among them a methyfolmelamine resia whose methyiol groups are partly or all etherified 
with C^^ monoaioohol. is preferable. These amino resins have preferably a number-average molecular weight in a 
range of about 300-5,000, and particulariy about 500-2,000. 

[0073] An amine salt of organic sulphonic add (e-3). is a compound obtained by reacting an organic sulphonk; acid 
with an amine. As an organic sulphornc add there can t)e mentioned, for example, paratoluenesulphonic add, dodecyl- 
benzenesulphonic add, dinonylnaphthalenesulphonic add, dinonylnaphthalenedisulphongc add. trfftuoromethanesul- 
phonic add etc. Among them dodecylbenzenesulphonic add is particulariy suitable. As an amine, the same amines as 
mentioned as neutralizing agent of the above-mentioned base resin can be preferably used. Among them, 
alkanolamines such as 2-amino-2-methylpropanol. N-methylethanolamine. dimetfiylethanolamine etc. are preferable. 
The reaction of an organic sulphonic add with an amine is a neutralization reaction and it is preferable to react using 
excess amount of amina 

[0074] Constituting ratios of the at>ove-memioned anr^ne neutrafization product of a base resin (e-l) and the amino 
resin (e-2) in the aqueous type second intermediate coating (E) are not speciTicaliy limited. However, a preferable ratio 
based upon the total solid content of both said components is in a range of 50-90 % t>y weight particularly 55-85 % by 
weight, and more particularly 60-80 % by weight for the annane neutralization product of a base resin (e-1), and 50-10 
% by weight particularly 45-1 5 % by weight and more particularly 40-20 % by weight for the amino resin (e-2). Suitable 
amount of the amine salt of organic sulphonic add (e-3) is In a range of 0.1 -10 parts by weight particulariy 0.5-7.5 parts 
by weight, and more particularly 1 -5 parts by weight per 1 00 parts by weight the total of the amine neutrafization product 
of a base resin (e-1) and the amino resin (e-2). 

[0075] The aqueous type second imermediate coating (E) can be prepared by suitably compounding these compo- 
nents, and further as necessary, a pigment an ultraviolet ab$ort)ent etc. 
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[0076] Among them, as a pigment, there can be used, for example, color pigments such as titanium oxide, zinc oxide, 
carbon black, Cadmium Red. Molybdenum Red. Chrome YeHow, chromium cudde, Prussian Blue. Cobalt Blue, azo pig- 
ments, phthalocyanine pigments, quinacridone pigments, Isoindrine pigments, Threne type pigments, perylene pig- 
ments etc.; fillers such as talc, clay, kaoFin, baryta, barium sulphate, barium cartx>nate. calcium cartx)nate. silica, 
5 alumina white etc.; metallic pigments such as alumunium powder, ndca powder, mica powder coated with titanium oxide 
etc. The preferable compounding amount of the pigment is in a range of 1- 250 parts by weight, particularly 20-200 
parts by weight, and more particularly 40-150 parts by weight per 100 parts by weight of the total solid content of the 
amine neutralization product of a base resin (e-1) and the amino resin (e-2). 

[0077] The aqueous type second intermediate coating (E) is preferably coated, after adjusting, by compounding water 
10 with the above-mentioned components, the solid content to 20-70 % by weight preferatity 40-60 % by weight and the 
viscosity at the time of coating to 15-25 seconds/Ford cup #4y20°C, on the coating surface of the part, irradiated with 
an actinic ray, and non-irradiated part of the coating film of the above-n>entioned intermediate coating (B) l>y electro- 
static coating, airless spray, air spray etc. The coating film thickness is preferably 10-50 jim, particularfy 15-35 pm in 
terms of cured coating fOm. 

IS [0078] The coating film thus coated with the second intermediate coating (E) is cured by heating at about 1 20 to about 
1 60"C for about 1 0 to about 40 ntinutes, after drying at room temperature or at about 1 0O^C as necessary. By this heat- 
ing the non-cured or incompletely cured parts of the coating fOm of the intennediate coating (B) are estimated to be 
cured at the same time the second intermediate coating film is cured. 

[0079] After the second intermediate coating film has been cured by heating, a thermocurabie top coating (C) is 
20 coated on the intemnediate coating film surface, thai the top coating fBm is cured by heating to fbmi the targeted mul- 
tilayer coating film. 

Thftrmocurable top tsoalinQ (Ci 

25 [0080] As a thermocurabie top coating (C), to be coated on tiie intermediate coating surface (which means the coating 
surface of the second intermediate coating (D) or (E) in case a second intermediate coating is coated, or othenArise. tiie 
coating surface of ttie intemnediate coating (B)) acconfing to tiie process of tiie present invention, there can be used a 
sofid color coating (C-1). a metalfic coating (C-2), a dear coating (C-3) etc. By using ttiese in a suitable combination, a 
top coating fOm of solid color finish or metallic finish can be formed. 

30 [0081] SoUd color coating (C-1) Is a ttiermocurable coating material conprising a base resin. ^ 

color pigment and an organic solvent or water. As said base resin tiiere can be mentioned, lor example, resins having 
crossnnkaUe functional groups such as hydroxyl group; carboxyl groupi sBanol group, epoxy group etc.. such as acryfic 
resins, polyester resins, alkyd resins, f luororesins. urethane resins, siricone-oontainlng resins etc. and as a cross-Hnking 
agent there can be mentioned compounds, whk^ can react with ttiese functional groups, such as meiamine resins. 

35 urea resins, {block)po!yisocyanate compounds, epoxy compounds or resins, cartxtxyt group-containing compounds or 
resins, acid anhydrides, alkoxysilane group-containing compounds or resins etc. 

[0082] As a color pigment there can be mentioned, for example, usual solid color pigments for coating material such 
as titanium oxide, zinc osdde. cart>on black, Cadm'um Red. Molybdenum Red. Chrome Yellow, chromium oxide. Prus- 
sian Blue, Cobalt Blue, azo pigments, phtiialocyanine pigments, quinacridone pigments, isoindrine pigments. Threne 

40 type pigments, perylene pigments etc. and ttietr compounding amount can be freely selected according to ttie color 
tone desired for tiie coating film. As an orgarac solvent there can be used, for example, usual solvents fbr coating mate- 
rial such as hydrocartDon type, ester type, ettier type, alcohol type, ketone type solvents, etc. 
[0083] A solid color coating (C-l) can be prepared by mixing and dispersing ttiese components. Their solkl content 
concentration at the time of coating is suitably about 40 to about 70 % by weight and ttie viscosity at the time of coating 

45 is siataWy in a range of 1 5-25 seconds/Ford cup #4/20*C. 

[0084] Metallic coating (C-2) is a thermocurabie coating material comprising a base resin, a cross-finWng agent, a 
metallic pigment and an organic solveit. Among tiiem, as a base resin, a cross-finking agent and an organic solvent 
there can be used ttie substances mentioned as examples for the sofid color coating (C-1). As a metalfic pigment tiiere 
are included, for example, scale-like alumunium, mica, mica coated with metal oxide, nruca-fike iron oxide etc. The solid 

50 content concentration of about 15 to about 40 % by weight and the viscosity in a range of 10-25 seconds/Ford cup 
#4y20*C are preferable for the metallic coating (C-2) at ttie time of coating. 

[0085] Gear coating (C-3) is a ttiermocurable coating material comprising a similar base resin, cross-linking agent 
and organic solvent to ttiose mentioned concerning ttie sofid color coating (C-1), and furttier compounding, as neces- 
sary, color pigment or metallic pigment to such an extent not to hinder ttie tiBnsparency. The solid content concentration 
55 of dbout 40 to about 70% by weight and ttie viscosity in a range of 15-25 seconds/Ford cup #4^ 
the dear coating (C-3) at the time of coating. 

[0086] The process of the present Invention can be worked by coating such a top coating (C) mainly on outer panels 
of a substrate such as automobile body, coated witii an intermediate coating, arvl coating also on inner panels as nec* 
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essary, and then curing by heating. 

[0087] As specific processes to form a top coating film using a soRd color coating (C*l), metallic coating (C-Z) and/or 
clear coating (C-3) there are mentioned, for example, the following processes. 

5 a) After coating a solid color coating (C-1 ) , and further a clear coating (C-3) as necessary, on the intermediate coat- 
ing film surface, the top coating film is curd by heating to form a multilayer coating film, 
b) After coating a metallic coating (C-2) and a dear coating (C-3) on the intermediate coating film surface, the top 
coating fQm Is curd by heating to form a muRitayer coating film. 

10 [0088] In the process a), a solid color coating (C-1) is coated on the Intemiediate coating film surface by means of 
electrostatic coating, airless spray or air spray etc. to obtain a cured film thickness of around 5-50 pxn, preferably 1 0-40 " 
Jim, and either cured by heating at about 120 to about 160^C for about 10 to about 40 minutes or not cured by heating. 
Then a dear coating (C-3) is further coated, as necessary, in a similar way to obtain a cured film thickness of around 
10-80 |im, preferably 20-50 \im. Finally the coating film is cured by heating at about 120 to about 160*C for about 10 to 

75 about 40 rranutes to form a multilayer coating film. 

[0089] In the process b). a metallic coating (C-2) is coated on the Intermediate coating film surface by means of elec- 
trostatic coating, airless spray or air spray etc. to obtain a cured fOm thickness of around 10-50 \im, preferably 15-35 
pin. and either cured by heating at about 1 20 to about 1 GO'^C for about 1 0 to about 40 minutes or not cured by heating. 
Then a dear coating (C-3) is further coated in a similar way to obtain a cured fQm thickness of around 10-80 iutk pref- 

20 erably 20-50 ^m. Finally the coating film is cured by heating at about 120 to about 160*C for about 10 to about 40 min- 
utes to form a multilayer coating film. 

[0090] As mentioned above the spedal feature of the process of the present invention is to use an Intermediate coat- 
ing (B). which can be cured both by irradiation of an actinic ray and by heating, on the electrodeposition coating surface, 
which has been cured by heating, to cure the Intemnediate coating film irradiation of an actinic ray. to optionally coat 

25 and cure by heating an organic solvent type or aqueous type second intermediate coating (D) or (E). and then to coat 
and cure by heating a top coating (C). As a result almost aO of the unevenness of the cationic electrodeposition coating 
surface is eliminated by curing the Intemiediate coating fQm, and when a top coating is further coated on that coating 
surface, aB of the unevenness of the cationic electrodeposition coating surface is efiminated. Therefore, the smoothness 
is irrproved and no generation of popping caused by baking is observed, even if the Intermediate coating film is thick. 

30 Moreover, as the intermediate coating fflm is not heated but cured by irradiation of an actinic ray. curing needs only a 
very short time and shortening of operation steps becomes possible. 

[0091] The present invention is hereinafter described more specifically by way of Examples and Comparative Exam- 
ples. Parts and % are all by weight. 

35 1. Preparation Of amples 

1) Substrate: 

[0092] A thermocurable epoxy resin type cationic electrodeposition coating fElecron 9600" Made by Kansal Paint 
40 Co.. Ltd., Trade name) is electrodeposition coated on a 0.8 mm thick duH finished steel plate, which has been chemically 
treated with zinc phosphate, to acNeve a cured fQm thickness of about 20 pm, and cured by heating a! 1 yO'C for 30 
minutes to obtain a substrate. 

2) Intermediate coating (B) 

45 

[0093] 

(a) : 60 parts of a polyester oligomer obtained by addition of acrylic add to a polyester resin containing hydroxyl 
groups (having a number-average molecular weight of 1500 and two polymerizable double bonds in the molecule), 

so 40 parts of pentaerythritol triacrylate, 3 parts of 2-benzyl-2-dimethyfamino-1 -(4-morphonnophenyf)-1 -butanone-1 
(photopolymerization initiator), 5 parts of t-butylperoxy-2-ettTylhexanoate (ttiermal polymerization initiator) and 60 
parts of Titanium Whrte pigment are mixed and dispersed in a mixed solvent of xylene and SwasoIISOO (Made by 
Cosmo Oil Ca, Ud., Trade name, hydrocarbon type solvent to the same weight to obtain an intermediate coating 
(B-a). whose viscosity and solid content has been adjusted to 20 seconds/l=ofd cup #4y20*C and 85 %. respec- 

55 tively 

(b) : 40 parts of a polyester oligomer obtained by addition of acrylic add to a polyester resin containing hydroxyl 
groups (having a number-average molecular weight of 1500 and two polymerizable double bonds in tiie molecule). 
60 parts of pentaeryttvitol triacrylate, 3 parts of 2-benzyl-2-dimethytamino-1-(4-morphoIinophenyO-1-butanone-1 
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(photopolymerization initiator), 5 parts of t-buty1peroxy-2-ethylhexanoate (ttiermal polymerization initiator) and 60 
parts of TrtanKjm White pigment are mixed and dispersed in a mixed solvent of xylene and SwasollSOO (Made by 
Cosmo Oil Co.. Ltd., Trade name, hydrocartx>n type solvent) to the same weight to obtain an intemiediate coating 
(B-b), whose vIsGosity and solid content has been adjusted to 20 seconds/Ford cup #4/20*'G and 85 %. respec- 
tively. 

(c) : 15 parts of a saturated polyester resin, modified by soybean oil fatty add (hydroxy! group value: 100 mgKDH/g, 
add value: 5 mgKOH/g, number-average molecular weight about 6000. oil length: 15 % by weight), 14 parts of a 
saturated polyester resin (hydroocyl group value: 120 mgWOH/g, add value: 10 mgKDH/g, number-average molec- 
ular weight: about 7000, oil length: 0 % by weight), 8 parts of a saturated polyester resin (hydroxyl group value: 78 
mgKOH/g. add value: 29 mgKOH/g. number-average molecular weight: about 7000, oil length: 0 % by weight). 1 3 
parts of butylated melamine resin, 30 parts of a polyester ofigomer obtained by addition of acrylic acid to a polyes- 
ter resin containing hydroxyl groups (having a number-average molecular weight of 1500 and two polymerizable 
double bonds in the molecule), 20 parts of pentaerythritol triacrylate, 1.5 parts of 2-benzyl-2-dimethylamino-1-(4- 
morphdinophenyf)-1-butanone-1 (photopolymerization initiator), 2.5 parts of t-buty1peroxy-2-ethylhexanoate (ther- 
mal polymerization initiator) and 60 parts of Titanium White pigment are mixed and dispersed in a mixed solvent of 
xylene and Swasol 1500 (Made by Cosmo Oil Ca, Ltd.. Trade name, hydrocarbon type solvent) to the same weight 
to obtain an intermediate coating (B-c), whose viscosity and solid content has been adjusted to 20 seconds/F=ord 
cup #4/20''C and 85 %, respectively. 

(d) : 10 parts of a saturated polyester resin, modified by soybean oil fatty add (hydroxyl group value: 100 mgKDH/g. 
add value: 5 mgKOH/g, number-average molecular weight: about 6000, oil length: 15 % by weight), 7 parts of a 
saturated polyester resin (hydroxyl group value: 120 mgKOH/g, add value: 10 mgKOH/g. number-average molec- 
ular weight: about 7000. oil length: 0 % by weight). 5 parts of a saturated polyester resin (hydroxyl group value: 78 
mgWOH/g. acid value: 29 mgKOH/^, nwrtjer-average molecular weight: about 7000. d! length: 0 % by weight), 8 
parts of butylated melamine resin, 40 parts of a polyester ofigomer obtained by addition of acrylic acid to a polyes- 
ter resin containing hydroxyl groups (having a number-average molecular weight of 1500 and two polymerizable 
double bonds in the molecule). 30 parts of pentaerythritol triacrylate, 2 parts of 2-benzyl-2-dimethylamino-1-(4- 
morphdinophenyl)-1-bulanone-l (photopolymerization initiator), 3.5 parts off t-butylperoxy-2-ethylhexanoate (ther- 
mal polymerization initiator) and 60 parts of Titanium White pigment are mbced and dispersed in a mixed solvent of 
xylene and Swasol 1 500 (Made by Cosmo Oil Ca. Ltd., Trade name, hydrocarbon type solvent) to the same weight 
to obtain an intermediate coating (B-d), whose viscosity and sofid content has been acfjusted to 20 seoonds/Ford 
cup #4/20*'C and 85 %. respectively. 

3) Organic solvent type second intermecSate coating P) 
[0094] 

(a) : 15 parts of a saturated polyester resin, modified by soybean dl fatty add (hydroxyl group value: 1 00 mgKDH/g. 
add value: 5 mgKDH/g. number-average molecular weight: about 6000, ofl length: 15 % by weight), 14 parts of a 
saturated polyester resin (hydroxyl group value: 120 mgKDH/g, add value: 10 mgKDH/g. number-average molec- 
ular weight: about 7000, oil length: 0 % by weight). 8 parts of a saturated polyester resin (hydroxyl group value: 78 
mgKDH/g. add value: 29 mgKDH/g. number-average molecular weight about 7000. oil length: 0 % by wwght). 13 
parts of butylated melamine resin and 60 parts of Titanium White pigment are ntixed and dispersed in a mixed sol- 
vent of xylene and SwasdISOO (Made by Cosmo Oil Ca, Ud., Trade name, hydrocarbon type solvenl) to the same 
weight to obtain an intemriediate coating (D-a), whose viscosity and soBd content has been adjusted to 20 sec- 
onds/Ford cup #4/20*C and 60 %, respectively. 

(b) : 10 parts of a saturated polyester resin, modified by soybean ofl fatty add (hydroxyl group value: 100 mgMDH/g. 
add value: 5 mgKOH/g, number-average mdecular weight: about 6000. oil length: 15 % by weight), 7 parts d a 
saturated polyester resin (hydroxyl group value: 120 mgKDH/g, add value: 10 mgKOH/g. number-average molec- 
ular weight: about 7000. oil length: 0 % by weight), 5 parts of a saturated polyester resin (hydroxyl group value: 78 
mgKDH/g. acid value: 29 mgKOH/g. number-average molecular weight: about 7000, dl length: 0 % l>y weight), 8 
parts of butylated melan^ne resin and 60 parts of Titanium White pignrtent are mixed and dispersed in a mixed sol- 
vent of xylene and Swasd 1 500 (Made by Cosmo Oii Ca, Ltd.. Trade name, hydrocaitwn type solvent) to the same 
weight to obtain an tntemiediate coating (D-b). whose viscosity and solid content has been adjusted to 20 sec- 
onds/Ford cup #4/20^*0 and 60 %. respectively. 

4) Aqueous type second intemiediate coating (E) 

[0095] PresCTibed amount findicated by sdd content weight) of each component shown in Table 1 is mixed and dis- 
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persed by adding a suitable amount of water so that the viscosity becomes to 30 seconds/Ford cup #4/20''C. soHd con- 
tent 60 %, and obtained an aqueous type second intermediate coating (E). 



Table 1 



Aqueous type second intermaliate coating (E) 


a 


b 


c 


Component (e-1) 








Amine neutralized PE resin ® 


65 






Amine neutralized PE resin ® 




75 




Amine neutralized PE resin ® 






80 


Component (e-2) 








Melamine resin 


35 


25 


20 


Component (e-3) 








Dimethylethanolamtne salt of dodecylbenzenesulphonic add 


2 


2 


2 


Pigment component 








Titanium White 


70 


70 


70 



[0096] Details of each oornponent used in Table 1 are as fbtlcws. 

[0097] Amine neutrafized PE resin 0 : A resin obtained by neutralizing a polyester resin having a hydroxy! group value 
of 85 mgNDH^ and an acid value of 40 mgNOH/^ (number-average molecular weight 10000: a substance obtained by 
reacting neopentyl glycol, trimethyloipropane. adipic add and phlhaBc anhydride and then adding trimellithic anhydride) 
with drmethylethandamine. 

[0098] Amine neutralized PE resin ® : A resin obtained by neutralizing a polyester resin having a hydroxyl groi^ value 
of 85 mglOH/g and an add value of 25 mgKOH/g (nurrt>er-averag6 mdecular weight 1 0000; a substance obtained by 
reacting neopentyl glycol, trimethylolpropane, adipic add and phthalic anhydride and then adding trimellithic anhydride) 
with dimethyiethandanruna 

[0099] Anriine neutralized PE resin ® : A resin obtained by neutralizing a polyester resin having a hydroxyl group value 
of 100 mgKOH/g and an add value of 25 mgKOH/g (nunrber-average molecular weight: 12000; a substance obtained 
by reacting neopentyl glycol, trimethylolpropane, adipic acid and phthalic anhydride and then adding trimellithic anhy- 
dride) with dimethylethanolamine. 

[01 00] Melamine resin: "CymelSSO", Trade name, made by Mitsui Cytec Co., Ltd.. nuntber-average molecular weight 
450. 

2. Examples and Comparative Examples 
Example 1 

[01 01 ] Intermediate coating (B-a) (solid content 85 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodepos'rtion coating, by air spray to obtain 35 pm cured coating film, dried at room 
temperature for 5 minutes, then an uttravidet radiation of 1 000 mJ/cm^ was irradiated to aboUi half of the intermediate 
coating film by a metal halide lamp for about 2 seconds. Then onto both coating surfaces of ultraviolet-inadiated and 
non-irradiated parts, "Amilac Black" (Made by Kansai Paint Co., lid., trade name, polyester resin/melamine resin type 
top coating: black) was coated as a top coating to 15 |im (cured coating film) film thickness and heated at 140''C for 30 
minutes to cure these coating films. Coating film performance test results are shown in the fdlowing Table 2. 

^mpigg 

[01 02] Intermediate coating (B-c) (solid content 85 %) was coated on the whde surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposition coating, by air spray to obtain 35 jim cured coating film, dried at room 
temperature for 5 minutes, then an uftraviolet radiation of 1 000 nvl/cm^ was irradiated to about half of the intermediate 
coating film by a metal halide lamp for about 2 seconds. Then onto both coating surfaces of ultravidet-inadiated and 
non-irradiated parts, "Amilac Black" (Made by Kansai Paim Co.. Ltd., trade nanw. polyester resin/melarrtne resin type 
top coating, black) was coated as a top coating to 1 5 fim (cured coating film) film thickness and heated at 1 40''C for 30 
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minutes to cure these coating films. Coating film performance test results are shown in the foHowing Table 2. 

5 [01 03] intermediate coating (B-d) (solid content 85 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposttion coating, by air spray to obtain 35 ^m cured coating fdm, dried at room 
temperature for 5 minutes, then an ultraviolet radiation of 1000 mJ/cm^ was irradiated to about half of the intermediate 
coating film by a metal halide lamp for about 2 seconds Then onto both coating surfaces of uftraviolet-inBdiated and 
non-inadiated parts, there were coated "Magicron Silver Metallic" (f^ade by Kansai Paint Co., Ltd., trade name, acryfic 

10 resin/melamine resin type metallic coating) to 15 |im (cured coating film) and "Magicron Oear* (Made by Kansai Paint 
Co.. Ltd, trade name, acry&c resinAnelairene resin type dear coating) to 35 pm (cured coating film) wet-on-wet and 
heated at 1 AO^C for 30 minutes to cure these coating films at the same time. Coating fSm performance test results are 
shown in the following Tat>Ie 2. 

15 QcwTparativg Exftmplg 1 

[0104] Intermediate coating (D-a) (sofid content 60 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposition coating, by air spray to obtain 35 \isr\ cured coating film, dried at room 
tenrperature for 5 minutes and heated at 140°C for 30 minutes to cure this coating film, then "Amilac Black" was coated 
20 to 1 5 iim (cured coating film) and heated at 140*'C for 30 minutes to cure these coating films at the same time. Coating 
film performance test results are shown in the following Table 2. 

Comparative Example 2 

25 [0105] Intermediate coating (D-b) (solid content 60 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposition coating, by air spray to obtain 35 \in\ cured coating film, dried at room 
temperature for 5 minutes, then there were coated 'Magtcron Silver Metallic* (Made by ICansal Paint Ca. Ltd.. trade 
name, acrylic resin/melamine resin type metalfic coating) to 15 )im (cured coating fHm) and "Magicron Clear" (Made by 
Kansai Paint Ca, Ltd.. trade name, acrylic resin/melamine resin type dear coating) to 35 ^ (cured coating film) wet- 
so on-wet and heated at 1 40«C for 30 minutes to cure these coating films at the same time. Coating f Bm perfbrnriance test 
results are shown in the following Tedsle 2. 



Table 2 





Example 


Comparative Example 




1 


2 


3 


1 


2 


Otjserved part 


1 


N 


1 


N 


1 


N 


N 


N 


Smoothness 


O 




o 


A 


0 


A 


O 


X 


Popping 


o 




0 


A 


0 


A 


O 


X 


Operation steps shortening 


o 




o 




o 




X 


O 



Note: 

45 1: irradiated. 

N: non irradiated 

In Table 2. 

[01 06] Obsen^ed part: "I" is the part where an ultraviolet radiation was inadiated on the intermediate coating surface 
50 and "N" is the part where an ultraviolet radiation was not irradiated on the intermediate coating surface 

Smoothness: result of a visual e^tuation. on the top coat surface, of a generatbn of unevenness caused \sy the 
electrodeposition coating film, indicated as O- unevenness is observed at all, a: unevenness is observed a Bt- 
tle, X unevenness is observed dearly arxl in large quantity. 
55 Popping: result of a visual evaluation of a generation of popping on the top coat surface, incficated as O - ^ 9^* 
eration of popping is observed at all. a: generation of popping is obsenred a little. X generation of popping is 
observed dearly and in large quantity. 

Operation steps shortening: Q indicates that the operation steps were shortened, and X indicates that the opera- 
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tion steps were not shortened, 
gxampip 4 

5 [01 07] Intermediate coating (B-a) (solid content 85 %) was coated on the whole surface of the atMve-mentioned sub- 
strate, coated with a cationic electrodeposition coating, ty air spray to obtain 25 \isn cured coating film, dried at room 
temperature for 5 minutes, then an ultraviolet radiation of 1000 mJ/cm^ was irradiated to about half of the intermediate 
coating film by a metal haiide lamp tor about 2 seconds. Then onto both coating surfaces of ultraviolet-irradiated and 
non-inadiated parts, an organic solvent type second intermediate coating (D-a) was coated by air spray to obtain 20 pxn 

10 cured coating film, dried at room temperature for 5 minutes, and then heated at 1 AO^C for 30 minutes to cure these coat- 
ing films. After that, on both coating surfaces, "Amilac Black* (Made by Kansai Paint Co.. Ltd.. trade name, polyester 
resin/melamine resin type Wack top coating) [lop coating (C)] was coated to 15 |im (cured coating film) fBm thickness 
and heated at 140*0 for 30 n^nutes to cure the coaling film. Coating film performance test results are shown in the fol- 
lowing Table 3. 

75 

Example 5 

[0108] Intermediate coating (B-b) was coated on the whole surface of the above-mentioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 \im cured coating film, dried at room temperature for 5 min- 

20 utes, then an ultraviolet radtafion of 1000 mJ/cm^ was in-adiated to about half of the intermediate coating film by a metal 
haDde lamp for about 2 seconds. Then onto both coating surfaces of ultravidet-inBdiated and non-irradiated parts, an 
organic solvent type second intenmediate coating (D-b) (solid content 60 %) was coated by air spray to obtain 20 jim 
cured coating f Qm, dried at room temperature for 5 ndnutes, and then heated at 1 40^*0 for 30 rrtinutes to cure these coat- 
ing fflms. After tiiat. on botti coating surfaces, there were coated "Magicron SINer Metaflic" (Made by Kansai Paint Ca. 

zs Ltd.. trade name, acrylic resinAnelamine resin type metalik; coating) [top coating (C)] to 1 5 )im (cured coating fQm) and 
"Magicron QeaT (Made by Kansai Paint Ca. Ltd.. trade name, acrylic resin/melamine resin type clear coating) [top 
coating (C)] to 35 \im (cured coating mm) wet-on^ and heated at 1 40^ for 30 minutes to cure these coating films at 
the same time. Coating film performance test results are shown in the fbllowing Table 3. 

[0109] Intermediate coating (B-c) (solid content 85 %) was coated on tiie whole surface of *w above^nentk)ned sub- 
strate, coated wHh a cationic electrodeposition coating, by air spray to obtain 25 cured coating film, dried at room 
temperature for 5 minutes, tiien an ultraviolet radiation of 1000 mJfcn? was irradiated to about half of tiie intermediate 

35 coating film by a metaJ haiide lamp for about 2 seconds. Then onto botti coating surfaces of ultraviolet-irradiated and 
non-irradiated parts, an organic solvent type second intermecfiate coating (D-a) (solid content 60 %) was coaled by air 
spray to obtain 20 \im cured coating film, dried at room temperature for 5 minutes, and tiien heated at 140'C for 30 min- 
utes to cure these coating films. After tiwt on botti coating surfaces. "Amilac Black" (Made by Kansai Paint Co., Ltd., 
trade name, polyester resin/melarrane resin type black top coating) pop coating (C)] was coated to 1 5 jim (cured coating 

40 film) film ttiickness and heated at 140*C for 30 minutes to cure tire coating film. Coating fflm perfomiance test results 
are shown in ttie fbliowing Table 3. 

Example 7 

4$ [01 1 0] Intermediate coating (B-d) (solid content 85 %) was coated on ttie whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposition coating, by air spray to obtain 25 jim cured coating film, dried at room 
temperature for 5 minutes, then an ultraviolet radiation of 1000 mJ/cm^ was Irradiated to about half of the intermediate 
coating film by a metal haiide lamp for about 2 seconds. Then onto botti coating surfaces of ultraviolet-in^diated and 
non-irradiated parts, an organic solvent type second intermediate coating (D-b) (solid content 60 %) was coated by air 

so spray to obtain 20 pm cured coating film, dried at room temperature for 5 minutes, and then heated at 1 40*C for 30 min- 
utes to cure tfiese coating films. After tiiat on both coating surfaces, ttiere were coated "Magicron Silver Metallic" 
(Made by Kansai Paint Ca, Ltd., trade name, acrylic resin/melamine resin type metallic coating) [top coating (C)) to 15 
fim (cured coating fflm) and "Magicron Gear" (Made by Kansai Paint Co.. Ltd.. trade name, acrylic resin/melamine resin 
type dear coating) [top coating (C)l to 35 pm (cured coating film) wet-on-wet and heated at 140'C for 30 minutes to cure 

55 these coating fams at tiie same time. Coating film performance test results are shown in the fbOowing Table 3. 
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Comparartive Exanrple 3 

[01 1 1 1 Intermediate coating (B-a) (solid content 85 %) was coaled on the atwve-mentioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 jim cured coating film, dried at room temperature for 5 min- 

5 utes. then an organic solvent type second intermediate coaling p-a) (solid content 60 %) was coated by air spray to 
obtain 20 ^m cured coating film, dried at room temperature for 5 minutes, and then heated at 140*C for 30 ntinutes to 
cure both these coating films. After that on the coating surface, "Amilac Black" (Made by Kansai Paint Co., Ltd., trade 
name, polyester resin/melamine resin type blacktop coating.) [top coating (C)] was coated to 15 |im (cured coatingfilm) 
film thickness and heated at lAO^'C for 30 minutes to cure the coating film. Coaling film peifomiance test results are 

10 shown in the following Table 3. 

Cpmparative Example 4 

[0112] Intemiediate coating (B-a) (solid content 85 %) was coated on the above-mentioned substrate, coated with a 
15 cationic electrodeposition coating, by air spray to obtain 25 jim cured coating film, dried at room temperature for 5 min- 
utes, and heated at 140*C for 30 minutes to cure this coating film. Then on that coating surface, an organic solvent type 
second intermediate coating (D-a) (sofid content 60 %) was coated by air spray to obtain 20 jim cured coating film, dried 
at room temperature for 5 minutes, and then heated at 140*C for 30 minutes to cure the coating film After that on that 
coating surface. "Amilac Black" (Made by Kansai Paint Co.. Ltd.. trade name, polyester resin/melamine resin type Mack 
20 top coating,) [top coating (C)] was coated to 15 ^m (cured coating fflm) film thickness and heated at 140'C for 30 min- 
utes to cure the coating f Dm. Ck)ating film performance test results are shown in the following Table 3. 



25 



35 



40 



45 



50 



55 
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in Table 3. 



Curing: "U" indicates ultraviolet curing and "B", themial curing (baking). 

Top coating (C): "S" indicates solid color finish and "M". metallic finish. 

Observed part Smoothness. Popping and Operation steps shortening: Same as in Table 2, 



Example g 

[01 1 3] Intermediate coating (B-a) (solid content 85 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated with a cationic electrodeposition coating, by air spray to obtain 25 ^m cured coating film, dried at room 
temperature for 5 minutes, then an ultraviolet radiation of 1000 mJ/cm^ was irradiated to about half of said intermediate 
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coating surface by a metal halide lanp lor about 2 seconds. Then onto both coating surfaces of uHraviolet-lrradtated and 
non-irradiated parts, an aqueous type second intermedate coating (E-a) was coated by air spray to obtain 20 fim cured 
coating film, dried at room temperature for 5 minutes* and then heated at 140°C for 30 minutes to cure these coafing 
films. After that, on both coating surfaces, "Amilac Black" (Made by i^nsai Paint Co., Ud.. trade name, polyester 
5 resin/melamine resin type black top coating) [top coating (C)] was coated to 35 ^m (cured coating film) film thickness 
and heated at 1 40^C for 30 minutes to cure the coating f9m. Coating fQm performance test results are shown In the fol- 
lowing Table 4. 

Example 9 

10 

[01 14] Intermediate coating (B^) was coated on the whole surface of the above^entioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 fim cured coating film, dried at room temperature for 5 min- 
utes, then an ultraviolet radiation of 1000 mJ/cm^ was irradiated to about half of said IntemDediate coating surface by a 
metal halide lamp for about 2 seconds. Then onto both coating surfaces of ultraviolet-irradiated and non-irradiated 

IS parts, an aqueous type second intermediate coating (E-b) was coated by air spray to obtain 20 pm cured coating film, 
dried at room tenperature for 5 minutes, and then heated at 1 40*'C for 30 rrnnutes to cure these coating films. After that, 
on both coating surfaces, there were coated "N/tagicron Silver Metallic" (Made by Kansai Paint Ca. Ltd.. trade name, 
acrylic resinMielamine resin type metallic coating) [top coating (C)] to 15 pm (cured coating film) and T^gicron Clear" 
(Made by Kansai Paint Co., Ltd.. trade name, acrylic resin/meiamine resin type dear coating) [top coating (C)] to 35 jim 

20 (cured coating film) wet-on-wet and heated at 1 40^C for 30 minutes to cure both coating films at the same time. Coating 
film performance test results are shown In the following Table 4. 

Example 10 

2B [Oil 5] intermediate coating (B-b) was coated on the whole surface of the above-mentioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 \im cured coating film, dried at room temperature for 5 min- 
utes, then an ultraviolet radiation of 1000 nrvJ/cm^ was inBdiated to about half of said imennediate coating surface by a 
metal hafide larrp for about 2 seconds. Then onto both coating surfaces of ultraviolet-irradiated and non-in^iated 
parts, an aqueous type second intermediate coating (E-c) was coated by air spray to obtain 20 pm cured coating film, 

90 dried at room temperature for 5 minutes, and then heated at 1 40^ for 30 minutes to cure these coating films. After that, 
on both coating surfaces, there were coated "Magicron Silver Metallic' (Made by Kansai Paint Co.. Ltd.. trade name, 
acrylic resin/melamine resin type metallic coating) [top coating (C)] to 15 pm (cured coating film) and "Magicron Clear" 
(Made tsy Kansai Paint Ca, Ltd.. trade name, acrylic resin/hielamine resin type dear coating) [top coating (C)] to 35 |im 
(cured coating film) wet-on-wet and heated at 1 40°C for 30 minutes to cure both coating films at the same time. Coating 

35 film perfomiance test results are shown in the following TaUe 4. 

Exarnpiell 

[0116] Intermediate coating (B-c) (soridcontent85%) was coated on the whole surface of the above-mentioned sub- 
40 strate. coated with a cationic electrcdeposHion coating, air spray to obtain 25 pxn cured coating fflm. dried at room 
tenperature for 5 minutes, then an ultravfolet radiation of 1 000 mJ/cm^ was irradiated to about haK of saki intermediate 
coating surface by a metal halide lamp for about 2 seconds. Then onto both coating surfaces of ultraviolet-Irradiated and 
non-irradiated parts, an aqueous type second intermediate coating (E-a) was coated by air spray to obtain 20 pm cured 
coating film, dried at room temperature for 5 minutes, and then heated at 140*C for 30 minutes to cure these coating 
45 films. After that, on both coating surfeces. "Amilac Black" (Made by Kansai Paint Ca, Ltd.. trade name, pdyesler 
resinAnelamine resin type black top coating) [top coating (C)] was coated to 35 |im (cured coating film) film thickness 
and heated at 140"C for 30 minutes to cure the coating fiira Coating film performance test results are shown in the fol- 
lowing Table 4. 

50 Example 12 

[01 1 7} Intermediate coating (B-d) (soHd content 85 %) was coated on the whole surface of the above-mention«f sut>- 
strate. coated with a cationic electrodeposition coating, by air spray to obtain 25 ^m cured coating film, dried at room 
temperature for 5 minutes, ttien an ultraviolet radiation of 1000 mJ/cm^ was inadiated to about half of said imermediate 
55 coating surface by a metal halide lamp for about 2 seconds. Then onto both coating surfaces of ultravioletHrradiated and 
non-irradiated parts, an aqueous type second intermediate coating (E-b) was coated by air spray to obtain 20 \ixr\ cured 
coating film, dried at room temperature for 5 minutes, and then heated at 140*'C for 30 minutes to cure tiiese coating 
films. After that, on both coating surfaces, there were coated "Magicron Silver Metallic" (Made by Kansai Paint Ca. Ud.. 
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trade name, acrylic resin/melamine resin type metallic coaling) [top coating (C)] to 15 )im (cured coating film) and 
"Magicron Clear* (Made by Kansai l^aint Ca. Ltd., trade name, acryfic restn/meiamine resin type dear coating) [top 
coating (C)] to 35 pni (cured coating film) wet-on-wet and heated at 140'>C for 30 minutes to cure both coating films at 
the same tme. Coating film performance test results are shcfwn in the foUowing Table 4. 

5 

Example 13 

[01 1 8) Intermediate coating (B-d) (sofd content 85 %) was coated on the whole surface of the above-mentioned sub- 
strate, coated wHh a cationic electrodeposition coating, by air spray to obtain 25 ^m cured coating film, dried at room 

10 temperature for 5 minutes, then an ultraviolet radiation of 1 000 mJ/cm^ was irradiated to eboxA half of said Intermediate 
coating surface by a metal halide lamp for at>out 2 seconds. Then onto both coating surfaces of ultraviolet-irradiated and 
non-irradiated parts, an aqueous type second intermediate coating (E-c) was coated by air spray to obtain 20 \im cured 
coating film, dried at room temperature for 5 minutes, and then heated at ^AO'*C for 30 minutes to cure these coating 
films. After that, on both coating surfaces, there were coated "Magiaon Silver Metallic" (Made by Kansai Paint Co., Ltd., 

IS trade name, acrylic resin/melamine resin type metallic coating) [top coating (C)] to 15 ^m (cured coating film) and 
"Magicron Clear* (Made by Kansai Paint Co.. Ltd., trade name, acrylic resin/melamine resin type dear coating) [top 
coating (C)] to 35 fim (cured coating film) wet-on-wet and heated at 140''C for 30 minutes to cure both coating films at 
the same time. Coating f 3m performance test results are shown in the following Table 4. 

so CpmwratiVe&fflmpf^g 

[01 1 9] Intennediate coating (B-a) (solid content 85 %) was coated on the above-mentioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 cured coating film, dried at room temperature for 5 min- 
utes, then an aqueous type second intermediate coating (E-a) was coated by air spray to obtain 20 nm cured coating 
25 film, dried at room temperature for 5 minutes, and then heated at 1 40*'C for 30 minutes to cure both these coating films. 
After that, on this coating surface, "Amilac Black" (Made by Kansai Paint Co.. Ltd., trade name, polyester resin/mela- 
mine resin type blacktop coating). was coated to 35 |im (cured coating film) film thickness and heated at 140<'C for 30 
minutes to cure the coaling film. Coating film performance test results are shown in the following Table 4. 

30 Comparative Example 6 

[0120] Intennediate coating (B-a) (solid content 85 %) was coated on the above-mentioned substrate, coated with a 
cationic electrodeposition coating, by air spray to obtain 25 ^m cured coating film, dried at room temperature for 5 min- 
utes, and heated at 140^ for 30 minutes to cure this coaling film. Then on that coating surface, an aqueous type sec- 
35 ond intermediate coating (E-a) was coated by air spray to obtain 20 |im cured coating film, dried at room temperature 
for 5 minutes, and then heated at 1 AO^C fbr 30 n^utes to cure the coating film. After that, on this coating surface, 'Anil- 
lac Black" (Made by Kansai Paint Co.. Ltd., trade name, polyester resin/hielamine resin type bfack top coating) was 
coated to 35 )im (cured coating f Hm) fflm thickness and heated at 140*C for 30 minutes to cure the coating film. Coating 
film performance test results are shown in the folkwving Table 4. 

40 



4S 



SO 



55 



18 



EP0914 875A2 



Table 4 





Example 


Comparative 
Example 
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L/Unng meinoa 
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Aqueous type intermediate 
coating 
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Curing method 
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Top coating 
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Curing method 
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Performance test results 
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Popping 
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O 
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Intercoat adhesion 
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Chipping resistance 
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o 
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o 


o 


0 


o 


0 


Operation steps shortening 


o 


o 


o 


o 


o 


o 


o 


X 



Nate: I: CnradiatecQ. 
N: (non-iriBdialed) 



3S In Table 4, 

Curing: "IT indicates ultraviolet curing and "B", thermal curing (baWng). 

Top coating (C): "S' indicates solid color finish and "M*, metalfic finish. 

Observed part Smoothness. Popping and Operation st^ shortening: Same as in Table 2. 

40 Chipping resistance: Using Gravelometer (Made by Q Panel, trade name) as a testing machine, a shock Is given to 
a coating film by blowing 500 g of NaT crushed stones by an air pressure of 0.3 MPa at 20^0 onto the coating sur- 
face of the coated plate obtained by BxawfAes and Con^>arBtive Examples at an angle of 45** . Then an adhesive 
t^e is stuck on said coating surface, and the state of peefing-off of coating nim around the crack caused by the 
shock is examined, after rapidly peeling-off the adhesive tap& O indicates thai no or littie peefing-off of coating 

45 fDm around the crack is observed, a indicates that a little peeling-off of coating film around the crack Is observed, 
and X indicates that much peeling-offs of coating film around the crack are observed. 

Claims 

so 1 . A multilayer coating f Om fonnation process characterized by that after a cationic electrodeposition coating is coated 
on a sut>strale arxJ cured by heating, an intermediate coating, comprising polymerizaUe unsaturated compound, 
photopolymerizalion initiator and thermal polymerization initiator, is coated, and the coating film is cured by inradi- 
ation with an aclinic energy ray, and then a thermocuraUe top coating is coated and cured by heating. 

55 2. T^e process set forth in Claim 1. wtierein a cationic electrodeposition coating comprises a base resin having 
hydroxy! groups and cationizaWe groups, and a crossfinWng agent 

3. The process set forth in Claim 1 , wherein a cationic electrodeposition coating comprises a resin, obtained by react- 
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ing a polyglyddyl ether of a polyphenol cx)mpound with a cationizing agent and a bock polyisocyanate compound. 

4. The process set forth in Claim l . wherein a polymerizable unsaturated compound has 2-5 polymerizable unsatu- 
rated bonds in the molecule. 

5 

5. The process set forth in Claim 1 . wherein a polymerizable unsaturated connpound has a nuntber-average molecular 
weight in a range of 50-3,000. 

6. The process set forth in Claim 1, wherein the intermediate coating contains a photopolymerization initiator in a 
10 range of O.M 0 parts by weight per 1 00 parts by weight of the polymerizable unsaturated compound. 

7. The process set forth in Claim 1 , wherein the intermediate coating contains a thermal polymerization initiator in a 
range of 0.1 -1 0 parts by weight per 1 00 parts by weight of the polymerizable unsaturated compound. 

IS 8. The process set forth in Claim 1 , wherein the intermediate coating further contains a pigment of less than 250 parts 
by weight per 100 parts by weight of the polymerizable unsaturated compound. 

9. The process set forth in Claim 1, wherein the intermediate coating further contains a polyester resin and a 

crosslinking agent. 

20 

10. The process set forth in Claim 9. wherein a polyester resin is a saturated poloyester resin having two or more 
hydroxyl groups on an average in the molecule. 

11. The process set forth in Claim 9. wherein a polyester resin is a polyester resin, modffied with a fatty acid having an 
25 oil length of less than 30 % by weight 

12. The process set forth in Qaim 9, wherein a crossGnking agent is a melamine resin or a block polyisocyanate com- 
pound. 

30 13. The process set forth in Claim 9, wherein the intermediate coating contains in a range of 1-98 % by weight of a 
polymerizable unsaturated compound, 1 -75 % by weight of a polyester resin and 1 -24 % by weight of a crosslinking 
agent based upon a total amount of polymerizable unsaturated compound, polyester resin and crosslinking agent 

14. The process set forth in Claim 9, wherein the intermediate coating contains in a range of O.M 0 parts by weight of 
35 a photopolymerization initiator and 0.1-10 parts by weight of a themial polymerization initialor per 100 parts by 

weight of the total of the polymerizable unsaturated compound, polyester resin and crossnnking agent 

1 5. The process set forth in Qaim 1 , wherein the actinic ray is ultraviolet radiation, laser beam, X-ray, electron beam or 
ion beam. 

40 

16. The process set forth in Claim 15, wherein the ultraviolet radial is inradiated in an amount of 10-3000 mJ/cm^. 

17. The process set fbrth in Claim 15, wherein the electron beam at 50-300 KeV is irradiated m an amount of 1-20 
Mrad. 

45 

1 8. The process set fbrth in Claim 1 , wherdin after the intermediate coating is coated and irradiated with an actinic ray. 
an organic solvent type second intermediate coating, comprising a polyester resin and a crosslinMng agent is 
coated and cured by heating, and then a thermocurable top coating is coated. 

so 19. The process set forth in aaim 18, wherein a polyester resin is a saturated polyester resin having two or more 
hydroxyl groups on an average in the molecula 

20. The process set forth in Claim 18. wherein a polyester resin is a polyester reSin, modmed with a fatty add having 
an oil length of less than 30 % by weight 

55 

21 . The process set forth in Qaim 18. wherein a aossIinWng agent is a melamine resin or a block polyisocyanate com- 
pound. 
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22. The process set forth in Claim 18, wheran the second imermecfiate coating contains in a range of 50-90 % by 
weight of a pol/ester resin and 50-10 % by weight of a crosslinldng agent based upon a total amount of polyester 

resin and crosslinking agent. 

5 23. The process set forth in Claim 1 8, wherein the coating film of the second intemiediate coating is cured by heating 
at about 120 to about IGO^C. 

24. The process set forth in Claim 1. wherein after the intermediate coating is coated and Inadiated with an actinic 
energy ray. an aqueous type second intermediate coating is coated and cured by heating, and then a thermocura- 

10 ble top coating is coated. 

25. The process set forth in Claim 24, wherein the second intermediate coating is an amine neutralization type aque- 
ous coating composition comprising an amine neutralization product of a k>ase resin, having a hydroxyl group value 
of 30-150 mgKOH/g and an add value in a range of 15-50 mgNOH/g, an amino resin and an amine salt of an 

75 organic sulphonic acid. 

26. The process set forth in Claim 25, wherein the base resin has a number-average molecular weight of 1 ,000-50,000. 

27. The process set forth in Claim 25. wherein the amino resin is a methytolmelaniine resin, whose methylol groups are 
20 etherified at least partly with a Ci^ monoalcohol. 

28. The process set forth in Claim 25, wher^n the amine satt of an organic sulphonic add is an altanolamine salt of 

dodecylbenzenesutphonic acid. 

2S 29. The process set forth in Claim 25. wherein the second intermediate coating contains in a range of 50-90 % by 
weight of an amine neutralization product of a base resin and 50-10 % by weight of an animo resin based upon a 
total soTid content amount of an amine neutralization product of a base resin and an amino resin. 

3D. The process set forth in Claim 25. wherein the second intermediate coating contains in a range of 0.1-10 parts by 
30 weight of an amine salt of an organic sut>honic acid per 1 00 parts by weight of a total of the amine neutralization 
product of a base resin and the animo resin. 

31 . The process set forth in Claim 25, wherein the coating fQm of the second Intermediate coating is cured by heating 
at about 120 to about 160"C. 

35 

32. The process set forth in Claim 1 , wherein the thermocuraUe top coating is a soGd color coating, a metallic coating 
or a dear coating. 

33. The process set forth in Claim 32, wherein after a solid color coating, and, as necessary, further a dear coating, 
40 has been coated on the intermediate coating f Bm surface, the top coating film is cured by heating. 

34. The process set forth In Claim 32. wherein after a metallic coating and a dear coating have been coated on the 
Intermediate coating fQm surface, the top coating tarn is cured by heating. 

45 35. The process set forth in Gaim 1. wherein the substrate is outer panels of an automobile body. 

38. An artide coated t?y the process set forth in Claim 1. 

so 
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